Neste trabalho foi avaliado e otimizado um método para extração e quantificação de benzo [a]pireno (B[a]P) em amostras de café das espécies conillon (Coffea canephora) e arabica (Coffea arabica), verde e torrado em pó. A influência do processo de torração na formação do B[a]P também foi estudada. Estas amostras foram extraídas com acetona, seguidas por saponificação, extração com ciclohexano e purificação em coluna de silica-gel. A quantificação foi feita por CLAE por eluição isocrática em fase reversa com detector de fluorescência. Os limites de detecção e quantificação foram de 0,03 e 0,10 μg kg -1 respectivamente. O intervalo de recuperação foi de 76 a 116% para concentrações entre 1,00 e 3,00 μg kg -1
Introduction
Polycyclic aromatic hydrocarbons (PAHs) are classified as a chemical group of more than one hundred different organic compounds containing two or more condensed aromatic rings. They are formed by the incomplete combustion or thermal decomposition (pyrolysis) of organic material and are widely distributed in the environment. 1 The quantity and composition of the PAHs produced are closely related to the reaction conditions, temperature and raw material characteristics. 2 Many of them, including benzo[a]pyrene (B[a]P), are carcinogenic and mutagenic in experimental animals and these compounds may be regarded as potentially genotoxic and carcinogenic to humans. [3] [4] [5] [6] Benzo [a] pyrene is the most commonly studied and measured PAH compound and has served as an indicator of total PAHs contamination. 7, 8 Several studies have estimated that dietary intake represents around 97% of the total daily non-occupational human exposure to B[a]P and have indicated that of all possible means of human exposure to PAHs, ingestion is the most predominant. 9, 10 Due to the difficulty of extrapolating toxicity data from animals to humans, although the carcinogenic properties of PAHs and B 
Experimental

Samples
Twenty-four coffee samples were analyzed: four samples of Conillon and twenty of Arabic coffees. Different kinds of green and roasted ground coffees were selected and analyzed: Conillon, Arabica dura, Arabica mole, Arabica rio, Arabica riada, Arabica rio zona, with American, conventional and express roasting. The coffee samples were specially roasted at Embrapa/CTAA for this experiment. The end of the roasting process was determined by visual and instrumental measure of colour parameters using the Hunter L a b system.
Chemicals and reagents
The following reagents were used for B[a]P extraction: silica Gel 60 -particle 0.063-0.200 mm (70-230 mesh ASTM), potassium hydroxide (pellets), anhydrous sodium sulphate, cyclohexane, acetone, and methanol. These reagents were analytical grade (Merck). For liquid chromatography, HPLC grade acetonitrile (Merck) and water from the Milli-Q system was used; both were filtered through 0.45 μm Millipore membranes of 47 mm diameter before use. The benzo[a]pyrene standard (Sigma) had a minimum of 97% purity.
Extraction and clean-up
The extraction and clean-up procedures were adapted from those described by Kruijf et al. 7 according to the steps described in Scheme 1. A 20 g portion of ground homogenized coffee samples were extracted in a Soxhlet apparatus over a period of 6 hours with 250 mL of acetone. The solvent was removed under reduced pressure at 40 o C. The residue was saponified with 1.4 g of potassium hydroxide in 50 mL of methanol-water (9:1, v/v) under reflux. After completion the saponification (30 minutes), 120 mL of distilled water was added slowly through a condenser. The mixture was transferred to a separatory funnel and was first shaken with 40 mL of cyclohexane for 2 minutes. After separating the layers, the aqueous layer was twice extracted with fresh portions of 30 mL cyclohexane for 2 minutes. The combined cyclohexane extracts were dried over 50 g of anhydrous sodium sulphate prewashed with 20 mL of cyclohexane, then concentrated in a rotary evaporator at 40 o C to approximately 4 mL.
The concentrated extract was applied to the top of a 5 g silicagel column, which was deactivated with water 15% (m/m). The column was prewashed with 20 mL of cyclohexane, and eluted with 100 mL cyclohexane. The first 10 mL of cyclohexane eluate was discarded; the rest of the eluate was collected and concentrated in a rotary evaporator at 40 o C to about 4 mL and dried using nitrogen stream and gentle heating. The residue was dissolved in 3 mL of HPLC acetonitrile, filtered through a nylon acrodisc, and analysed by HPLC. 
HPLC analysis
The benzo[a]pyrene extract from these samples was quantified by a HPLC Shimadzu device coupled with a fluorescence detector. Separations were achieved on a 5 μm Lichrosphere 100 RP18 (4.6 mm i.d. by 15 cm length) operated at room temperature. The mobile phase acetonitrile -water (80:20, v/v) was used at a flow rate of 1.0 mL min -1 . Aliquots of 20 μL green and roasted coffee sample extracts were injected in the HPLC column. The fluorescence detector was operated with an excitation wavelength at 295 nm and the measurement at 405 nm. The chromatographic process was done in 15 minutes.
B[a]P was identified by comparing the time retentions of standard solutions and samples under the same experimental conditions of the chromatography analysis immediately after spiking the samples. Quantification was performed by comparison samples peak areas with those obtained using standard solutions in a calibration curve.
Analytical quality control
In order to verify the accuracy and precision of the analytical procedure, recovery experiments were carried out by spiking the starting solvents (n = 4) with 2 μg kg -1 (ppb) of B[a]P and the selected sample of Conillon conventionally roasted (n = 3) with 1.00 to 3.00 μg kg The detection and quantification limits were defined as three and ten times the noise, respectively. The noise values were determined by measuring the amplitude signal by fluorescence analysis of a blank reagent (n = 6). The noise value was considered to be half of the amplitude baseline signal in the retention time region. 19 The ground green and roasted coffee samples were analyzed in triplicate.
Results and Discussion
The , respectively. All B[a]P extract determinations in green coffee samples were below detection limit. The ground roasted coffee samples stayed in the range between 0.47 to 12.5 μg kg -1 (ppb) (Figure 1 , Table 3 ). The coffee samples analyzed were specially roasted for this experiment to evaluate the influence of the roasting process in the formation of benzo[a]pyrene. Different 21 However, this process was found to be time and solvent consuming and the recovery values were not as good as expected.
The method described by Kruijf et al. 7 was evaluated, and applied as described originally. However, the benzo[a]pyrene extracts obtained from coffee samples using the Kruijf et al. method 7 had natural unwanted compounds, which have retention times and fluorescence absorbances similar to benzo[a]pyrene. In order to eliminate these compounds, a clean-up step using a silicagel column was added to the procedures of the experiment. This clean-up step was essential to become the experimental conditions selective for benzo [a] pyrene, as shown in Figure 1 , eliminating the unwanted compounds. In these chromatograms, the unwanted compounds were absent from the ground green, roasted and roasted spiked coffee samples during the B[a]P retention time. The recovery values had good yield.
Despite using this new clean-up step, this method should be simple, with fewer experimental steps in comparison to the others, because extraction, solvent evaporation and extract saponification can be perfomed in the same flask. This procedure permited the reduction of both experimental time and solvent quantities, minimizing analyte loss.
Detection and quantification limits were 0.03 μg kg -1
(ppb) and 0.10 μg kg -1 (ppb), respectively, lower than the B[a]P results from the coffee samples; the last were in the range between 0.47 to 12.5 μg kg -1 (ppb) for ground roasted coffee samples (Table 3 ). The recovery values were 76% to 116% for concentrations of 1.00 to 3.00 μg kg -1 (ppb) ( Table 2 ). These results proved that the present method is useful in B[a]P analyses in ground roasted coffee samples. The lowest concentration of B[a]P was found in the conventionally roasted Arabica dura coffee sample and the highest concentration in the American roasted Arabica rio zona sample.
The experimental values showed that B[a]P contamination is directly related to the kind of roasting process; B[a]P was not detected in the green coffee samples, which discards the possibility of contamination by environmental pollution, seed drying, storage etc.
Roasting process control is important to produce marketable roasted coffee; the control of the roasting parameters is fundamental to obtain a good quality product which is harmless to human health. These characteristics are necessary to guarantee competitivity and satisfactory exportation to international markets. The present methodology to verifying B[a]P contamination is adequate to evaluate all the steps in the chain production, from raw material to final product, and more specifically the roasting process, which is a critical point in the manufacturing of roasted coffee.
Conclusions
An adequate methodology for analyzing B[a]P in green and ground roasted coffee samples was studied and validated. It permits quality control of both raw material and final product destined to local and international markets.
In addition, it was verified that B[a]P contamination is due to the kind of roasting process utilized, so the choice of roasting process and control parameters are very important for the safety and final quality of roasted coffee.
